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Polyoxypropylene/polyoxyethylene Copolymers 

WITH improved biological ACTIVITY 



15 Cross-Reference to Related Applications 

This application is a continuation-in-part of pending 
U.S. Patent Application Serial No. 07/673,289, filed March 19, 
1991. 

Technical Field 

20 The present invention relates to a preparation of 

polyoxypropylene/polyoxyethylene copolymer which has an 
improved toxicity and efficacy profile. The present invention 
also includes polyoxypropylene/polyoxyethylene block 
copolymers with a polydispersity value of less than approximately 

25 1.05. 

Background of the Invention 

Certain polyoxypropylene/polyoxyethylene 
copolymers have been found to have beneficial biological effects 
when administered to a human or animal. These beneficial 
30 biological effects are summarized as follows: 

Polyoxypropylenelpolyoxyethylene Copolymers as Rheologic 
Agents 

The copolymers can be used for treating circulatory 
diseases either alone or in combination with other compounds. 
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including but not limited to, fibrinolytic enzymes, anticoagulants, 
free radical scavengers, antiinflammatory agents, antibiotics, 
membrane stabilizers and/or perfusion media. These activities 
have been described in U.S. Patent Nos, 4,801,452, 4,873.083, 
5 4,879,109. 4,837,014, 4,897,263, 5,064,643; 5,028,599; 

5,047,236; 5,089,260; 5,017,370; 5,078,995; 5,032,394; 
5,041,288; 5,071,649; 5,039,520; 5,030,448; 4,997,644; 
4,937,070; 5,080,894; and 4,937,070, all of which are 
incorporated herein by reference. 

10 The polyoxypropylene/polyoxyethylene copolymers 

have been shown to have quite extraordinary therapeutic 
activities. The surface-active copolymers are useful for treating 
pathologic hydrophobic interactions in blood and other biological 
fluids of humans and animals. This includes the use of a surface- 

15 active copolymer for treatment of diseases and conditions in 

which resistance to blood flow is pathologically increased by 
injury due to the presence of adhesive hydrophobic proteins or 
damaged membranes. This adhesion is produced by pathological 
hydrophobic interactions and does not require the interaction of 

20 specific ligands with their receptors. Such proteins and/or 

damaged membranes increase resistance in the microvasculamre 
by increasing friction and reducing the effective radius of the 
blood vessel. It is believed that the most imponant of these 
proteins is soluble fibrin. 

25 Pathological hydrophobic interactions can be treated 

by administering to the animal or human suffering from a 
condition caused by a pathological hydrophobic interaction an 
effective amount of a surface-active copolymer. The surface- 
active copolymer may be administered as a solution by itself or it 

30 may by administered with another agent, including, but not 

limited to, a fibrinolytic enzyme, an anticoagulant, or an oxygen 
radical scavenger. 

The method described in the foregoing patents 
comprises administering to an animal or human an effective 
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amount 
fomula: 



of a surface-active copolymer with the foUowing general 



HO(C^H^O)^(C^HO)JC^H^O)^H 



wherein a is an integer such that the hydrophobe 
represented by (C3H6O) has a molecular weight of approxunately 
950 to 4000 daltons, preferably about 1200 to 3500 daltons. and b 
is an integer such that the hydrophile portion represented by 
(C2H4O) constitutes approximately 50% to 95% by weight of the 
compound. 

A preferred surface-active copolymer is a copolymer 
having the following formula: 

HO(C^H^O)^(C^HO)^(C^H^O)^H 

wherein the molecular weight of the hydrophobe 
(C3H6O) is approximately 1750 daltons and the total molecular 
15 weight of the compound is approximately 8400 daltons. 

The surface-active copolymer is effective in any 
condition where there is a pathological hydrophobic interaction 
between ceUs and/or molecules. These interactions are believed 
to be caused by 1) a higher than normal concentration of 
20 fibrinogen. 2) generation of intravascular or local soluble fibnn. 

especiaUy high molecular weight fibrin. 3) increased faction m 
the microvasculature, or 4) mechanical or chemical trauma to 
blood components. AU of these conditions cause an uicrease in 
pathological hydrophobic interactions of blood components such 
25 as cells and molecules. 

It is believed that fibrin, especially soluble fibrin, 
increases adhesion of ceUs to one another, markedly increases 
friction in small blood vessels and increases viscosity of the 
blood. especiaUy at low shear rates. The effects of the surface- 
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nlvmer are believed to be essentially lubrication effects 

c:s:ryrrth"ri^^^^^ 

Although not wanting to be bound by the following 
- r.Lved that the surface-active copolymer acts 
hypothesis. It IS believed ttiat uic .^j^ interactions 

a^ording to the foUowing -^fZTcsf^aT'n.^y hold the 
are crucial determinants of ^^^^^^ Jiecules in 

phospholipids together m -^^^^^s^^^ of the biology of 
their native configurations, ^^f'''^ \^ appreciate the 
the surface-active ^^"^^ " ^^f'^^ater is a strongly 

biologic activities °f f ^.^^^^^^^ffl,!^^^^^^ 

hydrogen bonding liquid which m Its flu^^^^^^^ ^ ^ 

an directions with ---'^f ^^/^rface which forms 
hydrophobic surface^ tension or lac. 

insufficient bonds with water, pro molecules. This 

of balance in the ^V^^^^^^^^'^l X tension of pure 
force can be exceedingly ^^^^J^^^ j^to a force 

water is approximately 82 dynes/cm^ 

of several hundred thousand pounds per squ 

surface molecules. 

AS two molecules or particles with hydrophobic 
!. u o^hpm avidlv This adhesion is dnven by 

surfaces approach, they ^dhe« av^ly^ i ^^j^.^i^s 

the reduction in free energy which occurs wn 

transfer from the -"-^uS^^™ 

::j:re:::r:^^^^^^ 

of the surface tension of the particles: 

WAB = 7A + YB-TrAB 
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Consequently, any particles or molecules in the 
circulation which develop significant surface tensions wiU adhere 
to one another spontaneously. Such adhesion within membranes 
and macromolecules is necessary to maintain their integnty. We 
use the term "normal hydrophobic interaction" to descnbe such 
forces Under normal circumstances, all cells and molecules m 
the circulation have hydrophilic non-adhesive surfaces. Receptors 
and ligands which modulate cell and molecular mteracuons are 
generaUy located on the most hydrophilic exposed surfaces of 
ells and molecules where they are free to move about m^e 
aqueous media and to interact with one another. Special earner 
molecules are necessary to transport lipids and other hydn^pi^ob c 
substances in the circulation. In body flmds ^-fjl^Z^^ 
nonspecific adhesive forces between mobile elements are 
Tr Lly undesirable. These forces are defined as "pathologic 
hydrophobic intemctions" because they restrict movement of 
normally mobile elements and promote inappropriate adhesion of 
cells and molecules. 

In damaged tissue, hydrophobic domains normally 
located on the interior of cells and molecules may become 
exposed and produce pathologic adhesive surfaces whose 
interaction compounds the damage. Fibrin deposited along vesse 
"alls also provide an adhesive surface. Such adhesive surface 
appear to be characteristic of damaged tissue. It is believed that 
the ability of the surface-active copolymer to bind to adheswe 
hydrophobic surfaces and convert them to non-adhesive hy^ ted 
surfaces closely resembling those of normal tissues underiies its 
potential therapeutic activities in diverse disease conditions. 

Adhesion due to surface tension described above is 
different from the adhesion commonly studied in biology. The 
commonly studied adhesion is due to specific receptor hgand 
interactions. In particular, it is different from Ae receptor- 
mediated adhesion of the fibrinogen - von WilUbrands factor 
family of proteins.^ 



PCr/US92/02254 

WO 92/16484 



Both the hydrophilic and hydrophobic chains of the 
infractions wuh f i„^„pressibl= andfonn . 
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charged groups. 



bind canons by ""'^•f^^ "T'~„Mock copolymer ionophores 
crown polyeters and reverse oc^locR C P ^ 

.re examples of such canon '"f^arions which bind and 

copolymer is large, weak and nexrble. The energy 

"-^^ " itb^rrmlCe^CboUplas roged-er or 

on membranes and prevent propaganon of d.e mjary. 

n,e abUhy of the surface-active copolymer to block 
» adhesion o^Vi^'irit: bio^'S istadt,; 

srrterrr'«"^ 
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interactions which maintain structural integnty. 

The viscosity of blood is generally assumed to be the 

cells enterins small vessels tas teen ""'"'r\^,3i„„ rf „m 

the vessel wall becomes a major determmant of flow. 

Mathematically, both the strength of adhesion 
• 1 c .n^ the friction force which resists sUdmg 
between two pmicles -d e^f^^^^^^^^ of their surface 

of one ^^°-4f^^;Xerde ermi^^ by their degree of 
tensions which are largely ^^^^^ ^ 

St"u=.rrco.pone», ^ . ae.™a.l„„ 
J^pom«. which ^ m pmcdce difficult ,0 separate. 



F = Fa + Fd 
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F U .he faction of ceUs, Fa U .he adl^sioa co.npor.n. ^ 
Fd is the defonnation component. 

... .,ui-ed forea^ StJ^ a. • 

:;^;rpo:;L::::::^^":-^^^^^^^ 

directly with the work of adhesion:" 

Fa = k WA + c 

..e. Pa is the a— ^pone^^^^^^^^ 

seTarate Jtwo surfaces and reduce adhesion.' 

Th. effects of the surface-active copolymer on 

^5 , H flow were evaluated in several models 

^"^'T^'^^U^^^^ where critical variables 

ranging from artificial n vuro y mimicking human 

could be rigidly controlled to m v'v^^y^^ ^^^^^^.^^ 
disease. First, the ^f^^^^^r^^^Zon. in a model 

,0 lubricant when used at t^^^^apeu"^ ^^^^ through small 

designed to simulate ^'^l^^^ ^IX^cor^vor^-^.. of friction, 
vessels. It markedly reduced me adhesw^ P^ 

but had no detectable effect on ^ ...^lerates 

.riCon. second, the sur^ace^cuvec^^^^^^^^ 
,< the flow through the narrow 

thrombogenic -rfa«^ of B as-^^^ f^roscope with 

placed on a cover slip and vie^e 

cinemicroscopy during the '-^^^'^^^f'^l,, pressure. The 
edges of the cover shp in response to gen P ^^^^^^^ 

surface-active copol^er u^b-^^^^^ l^^^ 

glass and "maintained the flexW ^.^^ ^^e 
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.ouleaux by red cells, it did cause 

,e.iUe and ^^r^J^^ ^T^^ t-us capillar- 
copolymer increases the flow or m decreased viscosity 

sized fibrin-lined <^^'''X% i^ i^^^^^^ — ' 
of the blood by an amount (10%) tar too 

increased flow. 

3 hematocrit following ischemic damage. 

In an in vivo model of stroke produced by ligature of 

u -^^o Tn each of these models, mere were l,uu 
'= "^T.i^o^^ l^ no — le =ftc« on viscos.:, « 

any shear rate measured. 

I, i, believed that avaiUW. data ™88ests tot the 
,„rface.ac,ive copolymer acts as a lubn^ .0 »-a. *od 

surfaces to one another ana inereoy observation that the 

flow. ™s hypothesis ,s ^/-^^^-^^^^^^ flow in nom^al 

surface-active copolymer has httle eftect on 
tissues where such frictional forces are small.' 

The surface-active copolymers are not n»etaboUzed 
.e body and are .uic.y — ^ X^'^Lli 

^^^^rr"^ — ,,,,,ee-active 
two hours. It IS to oc , • composition is not 

3„ :rs ^oi ir i ~ ' - 

composul nor is it covalently bo^i to any protems. 
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The surface-active copolymer can be administered 
with a fibrinolytic enzyme, a free radical scavenger, or it can be 
administered alone for treatment of certain circulatory conditions 
which either are caused by or cause pathological hydrophobic 

5 interactions of blood components. These conditions include, but 

not limited to, myocardial infarction, stroke, bowel or other 
tissue infarctions, malignancies, adult respiratory distress 
syndrome (ARDS), disseminated intravascular coagulation (DIC), 
diabetes, unstable angina pectoris, hemolytic uremic syndrome, 

10 red cell fragmentation syndrome, heat stroke, retained fetus, 

eclampsia, malignant hypertension, bums, crush injuries, 
fractures, trauma producing shock, major surgery, sepsis, 
bacterial, parasitic, viral and rickettsial infections which promote 
activation of the coagulation system, central nervous system 

15 trauma, and during and immediately after any major surgery. It 

is believed that treatment of the pathological hydrophobic 
interactions in the blood that occurs in these conditions 
significantly reduces microvascular and other complications that 
are commonly observed. 

20 The surface-active copolymer is also effective in 

increasing the collateral circulation to undamaged tissues with 
compromised blood supply. Such tissues are frequently adjacent 
to areas of vascular occlusion. The mechanism appears to be 
reducing pathological hydrophobic interactions in small blood 

25 vessels. Circulatory conditions where the surface-active 

copolymers are effective include, but are not limited to, cerebral 
thrombosis, cerebral embolus, myocardial infarction, unstable 
angina pectoris, transient cerebral ischemic attacks, intemiittent 
claudication of the legs, plastic and reconstructive surgery, 

30 balloon angioplasty, peripheral vascular surgery, and orthopedic 

surgery, especially when using a toumiquet. 

The surface-active copolymer has little effect on the 
viscosity of normal blood at shear rates ranging from 13 sec-1 
(low) to 90 sec-l (high). However, it markedly reduces the 
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those with certain "^^^ fondu e ^^^^^ ^^^^^ ^ 
,.0 questions: 1) what ^-^^'^^^l^^ras did the surface- 
in these patients and. 2) ^yjha ^^^^^^^ 

U^s.ne.n.accepted.. — -^^^^^^^ 

...nogen levels - To^^^^^^^^^ 
viscosity. '^-^!^^;;"^rr^ conditions. However these 
'° many patients with ^f^^l^^^,, Oiat were observed. In 

factors could not explain ^he chang^ ^^^^^^^ 
patients having ^^^^^^^Z^'^,, " of 23±4% and fibrinogen 
Lnd that hematocrit fell ^J^^^^^l viscosity did not 
fell 48±9% within nxean of 23±2 to 38±4 

decrease as expected, but "^'^^ased .^^ ^ ^^^^^^ ,f 

centipoise (at a shear rate o 23 se ^ ^^^^^^ 
100 were found in ^"'"^ P^' "" '' high molecular weight 
of blood was associated wtdtc^cula^^^^ ^^^^^ 
polymers of soluble ^bnu -niese studies utrhzed 

19i5 ^tg/ml to 43±6 ^^^"^ fibrin- and Western 

a colorinietric -yma^^^^^^^^^ determme the 

blotting procedure ^^^^^ , 

molecular weight of the larg P cells and 

In the absence of specific 

^Ine another if the 

adherence ..duces *« f ' '^f tension of vanous 

rponet::rr.SdiJ'Uaae.,— 
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12-15. -n^is means that f^^^' , ,,^^ct angle of 24 
fortheceUs. Vr«brironi Consequently, fibrinogen 
degrees and ^^^^^^^^ ^^^^^^^^ 

adheres weakly to red ^ood ceUs an ^ ^^^^ 

promoting rouleaux „f us elevated contact 

Lnger adhesion than ^^f^^^^^^^Z^^ fibrinogen. Soluble 
angle and its tendency to '^^^^^^Xr^^sc^ adhesion which 
fibrin in the ^-^^^'ZutZT^'-^o.^ at low shear rates 
results in a very markedly '"'^^^^^^^^^^^ ^^lls of the blood 
TT^is adhesion also f^^^^uffi^ » slow movement 

vessels. 1^ ^he adheswe forces are m ^hi, especially 

of cells, they produce an mc^af Jnc^ ^d capillaries whose 
Unportant in the -aU e-^^ u, 

diameters are equal to less m ^^^^^ ^^,,,13 ,s 

The friction of cells slidmg blocks the adhesion of 

significant. '^-;,^-^-Xd^^p^S^^ of ceUs and 

fibrinogen and ftbrm ^^^^^u adhesion and lubricates 
endothelial ceUs^ ms pr^^^^^ ^canbe 

rsu^d^^Sy^y— 

Whether a certain — ^^^^^^^^^^ 

cause a problem ^f^Z^^^^^^ 
Ve^^i^^^oftb^-^ni^Mv^^^ ^J^^^^^ primary 
levels of fibrinogen are w dely^ J^^^^^ 
contributors to increased viscosiQ^. ^^^^ ^ 

levels are frequently ^sso^-^^^JJ*^^^^^^^ that the fibrin is 
circulation. Careful ^fl'^^^f^v^^^ ^he normal 

frequently responsible ^e ,,3 been determined 

level of fibrinogen rs ^^-T^^^.,^ levels of greater than 
that, in most patients ^ f^^f'^^^ high blood viscosity at 
approximately 800 ^g/ml ^J^^^^^^^^ normal level of 
I low shear rates -^^^^^^l^^^'^ti^^^^^^^^ 9.2 ± 1.9.- 
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,.Wv bigb above about 13 igs that have a 

. Thwe tocl»<'« "'°^ £,„„t me precipe" 
soluble fibm. ^„ „«d » * from 

fonnanon- ^^^^^t have demonsuai afemg 

Un«.*->'»'^';°:„: frequently f""^ brin of 
'» S^dauon P«>^--^,^;^„ cwved, '^"T"* <«o °' 

f^""'' ^":rcoS»°5 "f »■« "'^Ltltf^" " 

soluble fibrm in f^^^ ^'^^^vear rates. However 
. --blooavlscoj."^^^^^^^^ 

-° the relevaivce aggregation of «^ ^^^^ 

Viscosity =^^^«^^^;Xmany factors whtch detenmn 
,,ich is only one ofj^/^,,,,„, by so^^le ^^^^^ 
circulation. 0*^' ,^l,ood cells and platelets. i>oi 

U.e Mo'^ ""'•fr*-""^ TL n. °su«d b, 

[S Cev" . slnee -^^'.S Tf any olbe, 
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^„iiv cleared by 

,i,3„.s '^STmato^ly "rSSe fibrin co.« 

to a tasto" "wood vessels «f "™,aaces a seve.e 

„ producuon of t .»dicd is ft. ad»J^ 

^ nther materials, « no ^. ^rse range oi 

fibrinogen and otber ^^^^g.^esis of J^*^ dirough 
major conmbuto ° * ^"T^lfu^splaiUation or 

vascular ^^^^'^^^Z^. -^ury ^^^^^^alSe^ S^^^^^'^' 
trauma, bums repert ^°?f nstrated that 

^'-"Xnfa^^onorunstable 

^eir circulation. 
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.„<,c which had not unacig minutes 
of veins from dogs ^h ^^^^^ ^ by se .^^ 

whether or ^^^^"^^ was ordy a smaU .crease ^ 
occlusion. Simila y ^^^othelium of the g ^^^^^ 
of red blood cells to m ^^^^^^tomy. " .^^^^ 

-^^^^ 'hvs^tc -y - addition - -J^t^fi-^^^^^ 

'If'ti vens. then there J-;/ ^eUal surfaces 
, , occlusion of the v f ^lood to the ena ^^^^ 

adhesion of ^-^^'.^^^f",^ mural thrombi Bo^J 

in some cases P«<i^<;«2 adherent to the ^^^^^^f !;^otheUal 

soluble fibnn produc d hy at a 

a greaUy increased risk 0 ,^er addresses the problems 

elements of the bio surface-active cop J ^^^^^^^ 

thrombus on a surface _ segments 
effect on the --osuy ^-^^,,«r and plasma -^^f ^le 

through tubes _ I ^^.^^ p ovide a sig ^^^^ 

surface-active copolymer 
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*e viscosU, oij^^l ^„ "'re^SeSe i" viscosity ai 
lov/ shear rates tboug 

„hich susm" „te„ lemtned to a ""^ , .wood, cells 

* «»bl= to ^•"V'^^^Ssion «i.l. "^Sttd conttactio" 

contammg sucn 

proteases '^.^.^utn loadmg. oxygen free radicals 

events i^vcludmg ^^^atton °f "^J,^^^^^^^ copolymer 

n^errvbrane rupt.^^<i The surfa^ ^ The 

^luch rapidly destroy P^*^^t.,t' L and increased 

Tetards such -^u^^ delude osmotic s^^^f^^^own for red 

tnechanical resista. 

blood ceUs. . tte surface-actwe 



wo 92/16484 



PCr/US92/02254 



17 



ceHs and helping to restore and maintain non-adhesive surfaces, 
the surface-active copolymer tends to reduce the adhesion of 
macromolecules and cells in the microvasculature, to reduce 
coronary vascular resistance and to retard development of the no 

5 reflow phenomenon. 

Examples of conditions where the surface -active 
copolymer can be used is in the treatment of sickle cell disease 
and preservation of organs for transplantation. In both of these 
embodiments, blood flow is reduced because of pathologic 

10 hydrophobic interactions. 

During a sickle cell crisis, sickled red blood cells 
aggregate because of the abnormal shape of the ceUs. In many 
cases, there are high concentrations of soluble fibrm due to 
disseminated intravascular coagulation. This results in 

15 pathological hydrophobic interactions between blood cells, cells 

lining the blood vessels and soluble fibrin and fibrinogen. By 
administering to the patient the surface-active copolymer, blood 
flow is increased and tissue damage is thereby reduced. The 
surface-active copolymer may be given prior to a sickle ceU crisis 

20 to prevent onset of the crisis. In addition, the solution with the 

effective amount of surface-active copolymer may also contam an 
effective amount of anticoagulant. 

In organs that have been removed from a donor for 
transplantation, the tissue is damaged due to ischemia and lack of 

25 blood. Preferably, the surface-active copolymer is mixed with a 

perfusion medium. The perfusion media that can be used with the 
surface-active copolymer are well known to those of ordinary 
skill in the art. The perfusion media can also be whole blood or 
plasma. The solution can be perfused through the organ thereby 

30 reducing the damage to the tissue. Because the tissue damage is 

reduced by perfusing the organ with the surface-active copolymer 
solution, the time the organ is viable and therefore the time the 
organ can be transplanted is increased. 
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Because the surface-active copolymer improves flow 
of blood through diseased or damaged tissue with minimal effect 
on blood flow in normal tissue, it is contemplated that the 
surface-active copolymer includes a method for delivering drugs 
5 to damaged tissue comprising the step of administering to the 

animal or human a solution containing an effective amount of a 
drug, and an effective amount of the surface-active copolymer. 

Any drug that has an activity in diseased or damaged 
tissue is suitable for use with the surface-active copolymer. These 
10 drugs include: 

1 . antimicrobial drugs 

antibiotics 
antifungal drugs 
antiviral drugs 
15 antiparasitic drugs; 

2. antifungal drugs; 

3. chemotherapeutic drugs for treating cancers 
and certain infections; 

4. free radical scavenger drugs, including those 
20 drugs that prevent the production of free radicals; 

5. fibrinolytic drugs; 

6. perfusion media; 

7. anti-inflammatories, including, but not limited 
to, both steroids and nonsteroid antiinflammatory drugs; 

25 8, membrane stabilizers, such as diiantin; 

9. anticoagulants; 

10. ionotropic drugs, such as calcium channel 

blockers; 

1 1 . autonomic nervous system modulators. 

30 

Polyoxypropylenefpolyoxyethylene Copolymers as Adjuvants 

Other polyoxypropylene/polyoxyethylene 
copolymers are also useful as an adjuvant and a vaccine which is 
comprised of an antigen and an improved adjuvant. In one 
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percentage of hyo^ v formulatea ^ ^ater-m- 

increase stability the ^ ,nd 

copolymer wtth the f hO)^H 
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and 40% ot iLly 60% and 

K is a number s^icn " appro^""^^ ^ 

c5^. of the comP°ttas5%oftheconipound. 
'° constitute as lov' ^oivsaccharide 
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the foUov/ing 
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compound. .^e Vo^o.^''' 

TUe antiinfectwe ^^^^ Patent Appli=^^^°^ 

different -V^ J*' <,f a„ o'lT'^jXtio- ,? 

T^eWolo^c.U,-a=uvc-P°!^^„„p„unds have 
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. • . These and other biological 
^ such « chicke,. and .wm . Th« ^ ^ 

acivities a,e '''---^. ,^,'^^8 and 0^.0.4". 
Applicalion Senal Nos. 07/1"' J 
teorpomcd herein by reference. 

3 p*..p«.^'-'''r^rropo?^ru^^^^^^ 

5 The surface-active copo > ^t elevated 

„ion of ethylene 0.^^^^^^^^^^ 

temperature and pressure n *e P ^^^^ ^^^^^^r 

However, there is ^^'''''?^]2TX^^r c^^^ in each copolymer 
units which combme to ^""^ ,^i„,ations of the average 

'° -nie molecular weights given are app ^^^^j^^. ^ more 

height of copolymer " "^^'e c^^^^^ 

det^led discussion °^*!f,\nh^:'* incorporated herein by 
in U.S. Patent No. 2.674,619, ^he structure of 

eference. A more S--/;,^^^^; can be found in 

poloxamers and poloxamme ^oc^J Surfactants", J- 

Lhmolka. I.R./'A Review of B^ock y ^^^^^^^ , 

AM OIL CHEMISTS SOC. 54.11 

incorporatedhereinbyreference.^^^^^^^^^ ^^^^^^^^^^^ 

It has been /XSp^^^^^^^^^^ 
available preparations PO^y-^P^ ^^^^ configuration o 
copolymers vary widely relative preparation of 

J constituent molecules. "^^^gp (Parsippany, N.J.) 
poloxamer 188 that is purchased from B ^^.^^^ 

has a published structure °f,!^j;°750 daltons and the total 
i'drophobe (C3H60) of -^^^^^^^^ ''J approximately 8400 
llecular weight ^^^^J^^^^t "I Led of molecules 
daltons. In reality, the comP°;^' i^ss than 3,000 daltons 
which range from a ^fil, diversity and distribution 

30 to over 20.000 daltons. -^^ "^^'^'.^^ Ulustrated by broad 

ofmoleculesofcommerei^po^^^^^^^^ ^^^^ p,^,,,on 
primary and secondary peaks 
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^ and variable biological 

.be commercially fiction 

species in the P 

conmntag P^*""" ^ Mood PW*""""! *L activation o 
deriving the „actioi.s '"''"f ° i„atio..". »"1 

complex"'''' X l/d ^1 ceH^'" ^"^at. toricity of the 
cytotoxicity to '•""Jtociona.ion * ^ .edition, .n 

usingsupct^n-'^if^Jl, partially *i „f polo^oc W8 
copolymcis ptoved J jogs, >°f^'°" °' J (SOOT) a-td 
"UoEical 'O'^'" "^f^lUd iiv« '^"^•^S.on of the 

tacteased >"5"^\ a„sc .=1»<«1 ''"^ 
^^^^'S---""\„^„occ..«*f- 
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J ^ adiuvant activity 
exceUent adjuvant and no ^^^^ately 
difference bet>.een an e.ce ^^^^^^^^ ^ g^^t o -VV 

4400 daltons and i22 has a 20% by 

polyoxyethelene jo^o^^^ ,„,..ns aPP^-^^^^opyl-e m 
approximately 5000^ ^^^^t °f i„ Hunter, et 

' height of P°ly°^y:!r'^ately the same. As sho ^.^^ 

lach molecule vs appro^"^ ^^.^ as an ^^juva 
al v;hen poloxamer 12 ^,,e 6^-8 serum 

--t^i -ts^.- "-^^^^^^^^ 

poloxamer 12/ conditions, the ani <ioo. 

'albumin under the .^^^ -^*°\^Cn ^-gth of the 

'^"^ \.^iy^^-'' ^^^^Ml in biological actwtty. 
Thus, a '^^'■''^^ l, in enormous changes in 
po^o^amercanresultin -^rter^-C 
Because the co"" copolymers .^^1 

reported to e^ibit t ^^^^^^ ,s ^bich retam the 

a '"^^^^ • tn /po o-vethylene ^^^^^"'^uons but are free 
polyoxypropy^ene'po y ^^^,,cial prepar ^.^^ ^ 

artpreparations^ B^-^; rise present mve ^^.^^ 
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,Wich compose tbe P ^ 
The present m ^ ^^y^^er wh^cn 

po..o.propy— ^^^^^ 

0.H0,.H0,.CH0,H 

' * f the hydrophobe 

. molecular --'^ylXJr.ol.o.^ 
v/herem the m gnd tne 

compound has a P exhibited by 

'^'t!S::;pre-tir. the population. ^,,,^.188 
polymers p ^^^^^ules ot P 

to 4oO daltons. ^^T^S^W^ and 
. a..proximately molecules ^^""^^^J^, exhibit 

^---^ Sot^^t^^tttver^eolos^^^^^^^ 

^Tsit e«e"s. A P-^tTm^^e efftcient rheolo.. 
oS^d 15.000 daltons ^s am 
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• 1 des a method of 
The present invention ^^^^ (^^f ^^.^ copolymers 
I^oxypropylene/polyoxyf yl^^^^ method of 

tjreparing polyoxypr vj ^^n l-O^- . -^^es first 

U p°'v«=p-;;g f ^:„.ac.^ '"^^IT; ' 

preparing a „ide with a fase Mmpo»i"> 

' plurality of Btd then 'o""""'™ produce a 

f the copolynier is 
wherein .he polydispetsUy value of ^ 

less than 105. » „move any i rification of 

p„,,o,,ptopyl» J*^ ^ ethylene o.*- J^J „,c,„ 

^""'""tLrd^.-o.^^^^^^ 

top---Hrs::-«su---«^^^^^^^ 

tSS":::i*-'-*=:,.,„sent.vention-o 

U is «.oth.r °W«; ? *r^pJ,ene/p<.lyo««*Vl^ 
provide a ntorehotnogeneo^P*"^^^^^^ 

eopolym" -1»"« "> ^ en. in""""" '° 

U is another °l;%;pol,o«yP"Pf 
provide a P«P"t:lJ::peSvie of-*-'«- 
llock copolyn«r «.th a poly P „ 

P-* %Crtr°-t^»<^''"°"'"^"" 

block copolytnerwiui 
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the appended claims. 
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•ntion of the Figures poloxmer 
Brief Description o ^^^^^^^r gnd for ti 

Fig, I ii> f 

^ of commetoi^y >v>"»'''= 

msubiected to gci F . „ i of the 

t5ow^— ^ of fraction l o\ 

^ is a chromatogram ot ^.cnbed 
'stoUed from the chromatograph 

poloxamer 188 cou 

in Example 1. . fraction ^ ot 

^i„.»»..8Sco>.=-dfo.».h= 

in Example I. ^ fraction 3 oi 

poloxan-etlSScoUecudfrora 

. , ch,oma.op- of ''-f^^^U^ 
p„,»a»=-«8coUec.=ifon> 
in Example^- 
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chromatograms oi 

331. ^ 
require less v ; 

Vydisperse value of^^^ ^ ol^^^^^^^^^ ^„ 

L prepared by reniov-g ^ J ^'f^^^sen invention. 
preparation or PJ^^^ part of the P^^^ , invention 
Uod that IS con^-P ^.^oiyniers of Pr 

rt^uSSrof the PO^yo^VP^^^^^^^ 
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f before tlie 

' physical parameters 

invention. . i.q comprises 

I,, foUov^ing formula. ^ ^. h O) H 

..e«in t.e -^^f ^ ^^^^^^^^^ 
poiycypropy-e O^^altons .i^ a mo. P^j^ 

approximately f ,^een 1,200 and 65(» a 
Molecular weigh of b^tw ^^^Ct " '''' °' 

molecular -'"^^^^,,3 between aPP/^^^^^^^, of between 
the copolymer con^wt ^^^^^^.^ range 

the copolymer with a copolV"^ 

approximately 0% an^ ^^^tely 1-07. 

poW^^^^^'^'^' -n also comprises a 

" T.e jr^^^c/copoly-*^^^ 

'oie following formula. ^ h 

.herein the molecular -^^^^^^^^^^^ avera^ 

is --r:::::isapprox^^^^^^^^^^ 

molecular -^^^^^^nd bas a molecular w-gj ^.^ , 
Tm m^^^^^'^ i: itw en approximately 

;x&?i Tad;- - 

7.000 to 12,000 daltons. 
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as n.easu.ed by nuclear .agneac 

based on a VO^^^^l^^Z^r. ^^XZ^^^^'^'' 
relationship betweennon.^^ ^^^^^^'^^iJ^oin^ of ranges. 
' polyn^er tnembers ^ number or. the gnd. 

Secular ^eigV^^^^ g ^ num ^^.^^^ 

The first estheapproxin^tetno^e^- 
multiplied by 100, gwe ^^^^ ^q, g ves ^^^^ 

hydrophobe, '^^^f^.i.ile Cpolyo-V^f in the upper 
Jeightpercent 0 ;^;^pJpolo.^^^^ from a 4000 

surfactant.^0 For exan.^ ^^.^^ is de ^^^^pnsmg 

hand ci-dr-- with ^^^^^^^^^^er. A-^er 

molecular ^^^^^ molecular weight ^^^^^'^Vophobe with a 
70% of the total ■^^ '^ ^f^^^^' d'ophUe wh.ch 

example is P«^°"^f,600 daltons ^ copV«- 

compnses 5% ot ^^loxamers that are descn 

The representat.ve^^ox ^.^ ^^^^^^.^^ „,mbers 
patent appUcation along 

shown in Table I- Tabid _ 
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L- -^200:^ ' T^erages are important 
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specific molecular weight averages. These values can also be 
assigned to biological properties of the 
polyoxypropylene/polyoxyethylene copolymers. A list of the 
processing characteristics follows. 



Molecular Weight 


Processing 


Averages 


Characteristics 


Mz 


Flex life/stiffness 


Mn 


Brittleness, flow 


Mw 


Tensile strength 



For example, the breadth of the distribution is known 
as the polydispersity (D) and is usually defined as Mw/Mn. A 
monodisperse sample is defined as one in which all molecules are 
10 identical. In such a case, the polydispersity (Mw/Mn) is 1.0. 

Narrow molecular weight standards have a value of D near 1 and 
a typical polymer has a range of 2 to 5. Some polymers have a 
polydispersity in excess of 20. 

The equations for expressing polydispersity are as 

15 follows: 

T7 « SAreaj 

Mn - 

X Areaj/Mj 



M 



w 



i ;[(Areai)(M i)] 
I (Area j) 
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Po\ydispersity (D) = -^^ 

.V calculating the par^^^ \,,eptable for a 
^ rllydispersity that ^^^^^ indicates 

can specify a ^^^^^^ A ^^'^''T^S^^^^^ 
;raJaceutic3lP«P--- less 
awidevariauoninsize ^^^spersity determinant of 

molecules m the v J ^^^^^^ Thus, molecules 

inapreparatton .^^ «;tvvalues 

variauon in biological polydispersity vai 

, . be understood that die ^ ^^,on,atograffls 
It IS to be u ^ nnined from ^^^^^e 

LiChrogel P^)-'* 
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, H3) and polyethylene glycol 

molecular -^^^^^^ipersity values o^ta-ed u^^^ 
^^erst. MA), ^^^^^^.^ograp^c of the gel 

relative to^^*;^ exclusion c^^^^^^^^,",,^^^^^ using 
weight standard m .^pers^ty n^eam .^^...ity 

' permeation iples may give ^^f^^JJ,^ herein. 

Wentsep-t.- ^^^^^^^^^ ^^".U^^ly convert any 

-accordance .;th-^^ .^^^ 
composition ^ lene bloc^ c°poly-^^^^^^^^ 

polyoxyP-py^^";/^°7 of less than 1^07 _ ^.^ ^ ^^s 

^°^^f v^ue\ less ^ approxnna f y ^ d 

U the present mvem i^^ 

•„>,t of the copolymer 
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Tjarameters has w ^^^^^it trve -ompound. 
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20 r.nunds can be subjecieo ^j^. 
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riac.-ac.i« copolymer °^^*;Uo<i. 

;°e^auonch«.m«';^^^i,H,.l. 

?™m*«P"««*"' , commercial pol»»"'^ 

is composed of "T^' i^^l, 1900 to 95M f„ 
-''1rr.Se"»' «° <r:l,S;rmoie»larwei.« 
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.eight species «n^^;- - ^^.^ larger -;^-f,„,er molecular 
daltons. It ^^^1" '^piement compared ar 
capacity to acuvate comp ^g^^ or ^^^^^^^^^ 

Jight species^ hromatogram is comp°^^ This 
Wght side of daltotvs and 5^ detergent-like 

^,v,een -PP^^^^mpounds which have more 
species represents comp 

properties and are cytotoxic t ,v,romatography 
^ u ae\ permeation tsoloxamer 

"^^"^ detetined that a fraction of^po 
procedure, it f^^^" m aPP-^^^^t^^OOO daltons 
'l88 with «^°^=^"':!Srbet-'een appr°-.^^^^ daltons, 
15,000 daltons. prefera^V ^PP"^"^'Svm^ which are 

and 13,000 'i^^^°"f;";*of surface-active c^^^^^ ,he 
represents a P^f Ttoxic activities while st^ 
rientiaUy ^^-^^ut c ac Wity of the ^^^^'fU^ more 
beneficial ^erapeut^ composition J "^.^^..e 
poloxamer f man art preparation, 

homogeneous prepar than the P" 

to be considered the 
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molecules that fall within that range are considered as 
embodiments of die present invention. 

The present invention also mciudes a novel method 
of preparing a surface -active copolymer composition with the 

5 specifications described herein. The novel method involves the 

preparation of a uniform hydrophobic polyoxypropylene 
polymer and then proceed with the addition of the hydrophilic 
polyoxyethylene as is normally done. It is believed that the toxic 
copolymers that are the result of the standard commercial method 

10 of preparing poloxamer 188 are due to truncated polymer chains 

and to unsaturation in the polymer. 

In practicing the present invention, the hydrophobic 
polyoxypropylene polymer is purified to obtain a substantially 
uniform population of polyoxypropylene polymers. The 
15 purification can be performed using gel permeation 

chromatography. However, any method known to one of 
ordinary skill in the art which gives the desired range of 
polyoxypropylene polymers can be used. 

In preparing the improved rheologic reagent, the 
20 polyoxypropylene polymer should have an average molecular 

weight of approximately 1750 daltons with an approximate 
molecular weight range between 1,000 and 2,600 daltons. The 
preferred molecular weight range is between 1,200 and 2,400 
daltons. 

25 After the desired polyoxypropylene copolymer has 

been obtained, the ethylene portion of the copolymer is added to 
both ends of the molecule by standard methods well known to 
those of ordinary skill in the art. The fmai polymer population 
should have a polyoxyethylene composition of approximately 

30 20% of the total molecular weight of the molecule. 

This invention is further illustrated by the following 
examples, which are not to be construed in any way as imposing 
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f On the contrary, it is to be 
dearly '^^U. and equivalenu *=«ot » 

Tally P-p' P^^^'^'^^r. rtwo Licirogel PS-40 
commercially P^ P ipped ^° (eM Science, 

15 r'TSruSosel PS-20 -^^,i";Cnr are 10 

columns and a LiCbrogel PS-w ^ . ^^cle 

Gibbstown, NIV J^^.ct,^gel PS-20 column is 5 p 
particle size and the 

^ize. Allcolumnsare7mm ^^^^^^^^ 

200UL (4mg) °f Jthe sample is tun with 
. fu^S added to the column and tii^^ P^^ 
tetrahydrofuran is a ^^^^ 40 L. 

.tie columns and the 

^ ic <ihov/n in rig- ^■ 

chromatogramissnow 

Example 11 Example I was 

T^e sample that -^^^^^'^^^n was run on ^e 
-ionatedinto^ve..^^^^^^^^^^ 

As can be cicai ij 
Fig. 5 are absent. 
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• for each fraction is 

T A 
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, v,mer 188 is l-OS^^' „ fraction 3 

a one-bter o condenser, , ^i) of 

propylene o^^-^^ff . ^ 5 grams of anhydrous s ^^^^^^ 

propylene g^V'^^^^^^-^.^itrogen to remove^^ , 

Vhe flask is purged ^^^^^^ hydros ^^^t 

Sufflcientptopy^- °;;,,et possesses a^^cu ,ed 
as it reacts until the P The P 

Example iv Example 111 is 

, A in teirahydrofurati at a con ^^^^^ped wu 



pCr/US92/02254 

WO 92/16484 

41 

Maxima 820 software \ractiouate the commercxally 

MiUipore.Milford,MA) sued to ,,„^,,o graphic 

prepared poloxamer 188 ^0?° > ^oi^mns and a 

Um is equipped wuh two L^^^^^^^^^^^^ Gibbstown Nl). 
' LiChrogel PS-20 column « senes^^^ 

The LiChrogel PS-40 colunmsj^ 1 .^^ ^^^^^3 
LiChrogel PS-20 column IS 5 Mm p 
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L«pond.d .o ;f^™eea 1,000 and 2.600 

n, placed in the '""^/^^ ,«liu,n hydroxide. An 
wi* im appropriate °' added at an average 

p,r2«eight of added edt,l«»<.»'^- ^^^^ ^ 

This P'°"f ^ ,"^^lr eonlposed of 
polyoxypropylene/pol^-y^y^^''^^^^^^^ ,„ molecular 
„,„lecul.s «hich are far B™' *„^,„ial prepa.at.ons. 
siK and configuration compared 

Example VI 

Fractions of P" Jf Jd for weigh, 
permeation chromatography ^ ^MR analysis as 

U« of "^'^'''r' BASF "orpo^tion. Parsippany N.J., 
foUows; Poloxamer 760.5 (Bao 
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is dissolved in tetrahydrofuran at a concentration of 20mg/mL. A 
Model 600E Powerline chromatographic system equipped with a 
column heater module, a Model 410 refractive index detector and 
Maxima 820 software package (all from Waters, Div. of 
Millipore, Milford, MA) is used to fractionate the commercially 
prepared poloxamer 760.5 copolymer. The chromatographic 
system is equipped with Ultrastyragel 103 A and 500 A in series 
(Waters, Div. of Millipore, Milford, MA). Column size is 
7.8 mm internal diameter by 30 cm. Precolunm filters #A-315 
with removable 2iim fits (Upchurch Scientific, Oak Harbor, WA) 
were used for protection of the columns. 200^L (4mg) of the 
poloxamer 760.5 in tetrahydrofuran is added to the column and 
the sample is run with the columns at 40°C and the detector at 
45°C. 

Sample one is an unfractionated sample of the 
polaxamer 760.5 as obtained from BASF Corporation 
(Parsipanny, New Jersey) and is shown in Fig 9A. Fraction one 
is an early fraction from the chromatographic system and is 
shown in Fig. 9B. Fraction two is a late fraction and is shown in 
Fig. 9C. All proton NMR analyses were performed in 
accordance with the NF procedure "Weight Percent Oxyethyiene" 
on a Bruker 300 MHz instrument. 

The proton nuclear magnetic resonance spectra from 
Figs. 9B and 9C showed slight ban broadening in the spectra 
when compared to the unfractionated sample. The late eluting 
fraction (Fraction 2) contains the largest amount of unsaturation 
as noted by a doublet signal at about 4.0 ppm. The proton spectra 
for the early eluting peak (Fraction 1) showed no impurities 
except water. 

The weight percent oxyethylene was calculated for 
the samples. As can be seen from Table EI, the early eluting 
fraction, which is the purest fraction, has the lowest percentage of 
oxyethylene. This fraction also showed no unsaturation as 
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Using the poloxamer 

rr«Klo TTT 



T 7rflCti0n 

Munfracuo^ted 
Early Fraction 
' LateFracuon 

b" 



10856 
3085 



c. 



ivv.^ — _ - -^iixT 



Example VII f„e,io„atei oii 

„olecul«. TM P j^^^ „„„j a 20" 

<i«enmn=a by pr ^„iy 10 mg of «^„,/o.7 mL 

KSted. Samples „s '""^.T .„d 

'::sWcenpno..on»asu.men.. 

Table IV 
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the sroaUest p ^^^^^ had the n ^ , poloxamer 

snxall moleculaM^e^g^^ ^^^^ .^^ "^e d si^'i number 

°^C':f I78^hirh corresponds dose ° ^^ ^^^^ ,,„,er 

^ abiological system. 

Example Viu f^ctionated 
poloxamer 331 (y^^^^^f^'""^, chromatographs 

for unfractionated polox^ P^^^"' We was then 
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chromatograms are sm 

Table V 

TT^^^^, 4M5 No 

funfracuonated 4452 381 ^ 

Early Fraction 3 i_i466_ " 

5: 5S«»»>to»« f„, each faction U 

When th. PO'"."""" ^^;«d. U is seen ou. ««c 

,a« facuon polymer '""""""bv *e fractionation 
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„„«,ous "--"i" S scope of the inveanon as 

Technolo^.Vol SA LH^^ 
Brooks and Evans (198 /), i»f 



^bstituw by supercnucal twio ^^^.^ ^^^^ 



18 

378 (1987). 
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1 ^ Hunter, et aL, *The Adjuvant Activity of Nonionic Block Polymer S urfactants, HI. 

Charactcrization of Selected Biologically Active Surfaces", SCAND. J. IMMUNOL., 

Vol. 23, PP. 28-300 (1986). 
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CLAIMS 

, A polycypropylene/polyoxyethylene block 
copolymer wiO. the — sene^lfonnuU. 

H01C^H^0)JC3H0)^(C^H^0)^H 

...e. .e — ^^^^^^^^^ 
polyoxypropylene P°7°" and the molecular weight 

approximately 900 ^V ^hvlenT portion of the copolymer 
^presented by the Poly^^y^f^^^^^^/^d 90% of the copolymer 

constitutes between appr^x-a^ 5%^ ^ ^^^^^^^^ ,.07. 

and the polydispersity value IS le 

3 T.= Moc>cc,,pol^-f°^;^3''"''="'°*= 
po,,dispe.i.yv.IueU.e.m-.PP-»>">"«- 

4 Th.Wo*copol,n.e.ota»ml.«l..n=in*. 
copolymer is subs»«y"«''^''- 

1 of riaim 1, wherein the 
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6. The block copolymer of Claim 5, wherein 
polyoxyethylene portion of the copolymer constitutes between 
approximately 10% and 90% of the copolymer. 



5 7. A surface-active copolymer comprising a 

polyoxypropylene/polyoxyethylene block copolymer with the 
following general fonnula: 

HO(C H 0) (C H 0) (C H 0) H 

^ 2 4 ^b^ 3 6 2 ^ 'b 

wherein the molecular weight of the hydrophobe 
10 (C3H6O) is approximately 1750 daltons and the average total 

molecular weight of the compound is approximately 8400 dahons 
and the polydispersity value is less than approximately 1.07. 



8. The surface-active copolymer of Claim 7, 
15 wherein the polydispersity value is less than approximately 1.05. 



9. The surface-active copolymer of Claim 7, 
wherein the polydispersity value is less than approximately 1.03. 



20 



10. The surface-active copolymer of Claim 7, 
wherein the copolymer is substantially unsaturated. 



wo 92/16484 



PCr/US92/02254 



49 



11. A surface-active copolymer comprising a 
polyoxypropylene/polyoxyethylene block copolymer with the 
following general formula: 

HO(C H 0) {C H 0) (C H 0) H 

^ 2 4 'b^ 3 6 2 4 

5 wherein the total molecular weight of the copolymer 

is between approximately 5,000 and 15,000 daltons and the 
molecular weight represented by the poiyoxyethylene portion of 
the copolymer constitutes between approximately 75% and 85% 
of the copolymer. 



12. The surface-active copolymer of Claim 11» 
wherein the total molecular weight of the copolymer is between 
approximately 7,000 and 12,000 daltons. 
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13. The surface-active copolymer of Claim 11, 
wherein the copolymer is substantially unsaturated. 
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14. A surface-active copolymer comprising a 
polyoxypropylene/polyoxyethylene block copolymer with the 
following general formula: 

HO{C H 0) (C H 0) (C H 0) H 

wherein the molecular weight of the hydrophobe 
{C3H6O) is approximately 9,700 daltons and the average total 
molecular weight of the compound is approximately 
10,000 daltons and the polydispersity value is less than 
approximately 1.07. 



15. The surface-active copolymer of Claim 14, 
wherein the polydispersity value is less than approximately 1 .05. 



16. The surface-active copolymer of Claim 14, 
wherein the polydispersity value is less than approximately 1.03. 



17. The surface-active copolymer of Claim 14, 
wherein the copolymer is substantially unsamrated. 
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18. A surface -active copolymer comprising a 
polyoxypropylene/polyoxyethyiene block copolymer with the 
following general fomiula: 

HO(C H 0) (C H 0) {C H 0) H 

^ 2 4 b 3 6 a 2 4 'b 

5 wherein the molecular weight of the hydrophobe 

(C3H6O) is approximately 3400 daitons and the average total 
molecular weight of the compound is approximately 4000 daitons 
and the polydispersity value is less than approximately 1.07. 



10 19. The surface-active copolymer of Claim 18, 

wherein the polydispersity value is less than approximately 1,05. 
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.urface-acu.= copolymer c .^^ 

with the foUowing general formula. 

H0(C^H^0)^(C3H 0)^(C,H^O)^H 

u • the purification oi tne 
the improvement being th J ^^y^,^, 

polyoxypropylenepolymer bef^^^^^^^^^^^ 

with the P~XCrop^^^^^^^ 
polydispersity ^^/^ .^^Li^m^tely 1.07. 
block copolymer IS less man apt. 

o f riflim 22, wherein the 

,?„,t po^; yp-py^^^^^^^^^ 
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25. The method of Claim 22, wherein the 
polyoxypropylene polymer is purified by gel permeation 
chromatography. 

26. The method of Claim 22, wherein the 
copolymer is substantially unsamrated. 



27. A method of preparing a non- toxic surface- 
10 active copolymer including first condensing propylene oxide with 

a base compound containing a plurality of reactive hydrogen 
atoms to produce polyoxypropylene polymer and then condensing 
ethylene oxide with the polyoxypropylene polymer to produce a 
polyoxypropylene/polyoxyethylene block copolymer with the 
15 following formula: 

HO(C^H^O)JC3HO)^(C^H^O)^H 

wherein the molecular weight of the hydrophobe 
(C3H6O) is approximately 1750 daltons and the total molecular 
weight of the compound is approximately 8400 daltons, 
20 the improvement being the purification of the 

polyoxypropylene polymer before the step of condensing ethylene 
oxide with the polyoxypropylene polymer thereby providing a 
polyoxypropylene/polyoxyethylene block copolymer preparation 
with a polydispersity value of less than approximately 1.07. 

25 

28. The method of Claim 27, wherein the 
polydispersity value of the polyoxypropylene/polyoxyethylene 
copolymer is less than approximately 1.05. 
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29. The method of Claim 27, wherein the 
polydispersity value of the polyoxypropylene/polyoxyethylene 
copolymer is less than approximately 1.03. 

30. The method of Claim 27, wherein the 
polyoxypropylene polymer is purified by gel permeation 
chromatography. 

31. The method of Claim 27, wherein the 
copolymer is substantially unsaturated. 

32. A method of preparing a non-toxic surface- 
active copolymer including first condensing propylene oxide with 
a base compound containing a plurality of reactive hydrogen 
atoms to produce polyoxypropylene polymer and then condensing 
ethylene oxide with the polyoxypropylene polymer to produce a 
polyoxypropylene/polyoxyethylene block copolymer with the 
following formula: 

HO(C^H^O)JC3HO)JC^H^O)^H 

wherein the molecular weight of the hydrophobe 
(C3H6O) is approximately 1750 daltons and the average total 
molecular weight of the compound is approximately 8400 daltons, 

the improvement being the purification of the 
polyoxypropylene polymer before the step of condensing ethylene 
oxide with the polyoxypropylene polymer thereby providing a 
polyoxypropylene/polyoxyethylene block copolymer preparation 
wherein the polyoxypropylene portion of the copolymer is 
between approximately 900 and 15000 daltons and the molecular 
weight represented by the polyoxyethylene portion of the 
copolymer constitutes between approximately 5% and 95%. 
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33, The method of Claim 32, wherein the 
copolymer has a molecular weight range of between 
approximately 1,200 and 6500 daltons. 



34. The method of Claim 32, wherein 
polyoxyethylene portion of the copolymer constitutes between 
approximately 10% and 90% of the copolymer. 
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35. The method of Claim 32, wherein the 
copolymer is substantially unsaturated. 
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